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ABSTRACT 
 
 
 
 
 Fibres in concrete provide a mean of preventing crack growth. Short discontinuous 
fibres have the advantage of being uniformly mixed and dispersed throughout the 
concrete. In this research, the mechanical properties of hybrid fibre reinforced concrete 
composite (HyFRCC) were investigated by combining polypropylene fibre (PP) with steel 
fibre (ST). PP fibre is good in preventing micro cracks while steel fibre is reliable in 
preventing macro cracks in concrete. Specimens incorporated with ST and PP fibres were 
in the mix proportion of 100-0%, 75-25%, 50-50%, 25-75%, and 0-100% at volume 
fraction of 0.5%, 1.0%, and 1.5%. Compression test, flexural test, splitting tensile test, 
flexural toughness, and Young’s Modulus were carried out to determine the mechanical 
properties of HyFRCC. By combining these two fibres in concrete, the crack growth 
reduced where PP fibre was found to improve the tensile strain capacity, while ST fibre 
contributed to the improvement on the ultimate tensile strength. HyFRCC specimens also 
delayed the failure phenomena due to the different tensile strength of PP and ST fibres 
compared with the sudden failure experienced by plain concrete. The experimental test 
results found that HyFRCC with the combined mix proportion of 75% ST fibre + 25% PP 
fibre at volume fraction of 1.5% can be adjudged as the optimum percentage. This 
optimum percentage was then applied in reinforced concrete beams to study the structural 
performance in flexural of shear. In conclusion, HyFRCC beam is tougher and stronger 
compared with the control beam based on the load-deflection relationship. Crack pattern 
of HyFRCC beam shows that the crack width and crack spacing reduces compared with 
the control beam. The effect of combining ST and PP fibres in concrete enhances the 
tensile strength, the concrete strain hardening and flexural toughness. 
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ABSTRAK 
 
 
 
 
Gentian di dalam konkrit menyediakan pencegahan pertumbuhan retak. Gentian 
pendek tidak berterusan mempunyai kelebihan keseragaman bercampur dan tersebar di 
seluruh konkrit. Dalam kajian ini, sifat mekanikal gentian hibrid komposit konkrit 
bertetulang (HyFRCC) dikaji dengan menggabungkan gentian polypropylene (PP) dan 
keluli (ST). Gentian PP bagus dalam mencegah keretakan mikro manakala gentian ST 
dipercayai dalam mencegah keretakan makro di dalam konkrit. Spesimen digabungkan 
dengan gentian ST dan PP pada kadar campuran daripada 100-0%, 75-25%, 50-50%, 25-
75%, dan 0-100% pada pecahan isipadu sebanyak 0.5%, 1.0%, dan 1.5 %. Ujian 
mampatan, ujian lenturan, ujian tegangan, kekuatan lenturan, dan Modulus Young 
dijalankan untuk menentukan sifat-sifat mekanik HyFRCC. Dengan menggabungkan 
kedua-dua gentian dalam konkrit, pertumbuhan retak berkurangan di mana gentian PP 
didapati meningkatkan keupayaan terikan tegangan, manakala gentian ST menyumbang 
kepada peningkatan kekuatan tegangan muktamad. Spesimen HyFRCC juga 
melambatkan fenomena kegagalan disebabkan kekuatan tegangan yang berbeza gentian 
PP dan ST berbanding dengan kegagalan secara tiba-tiba yang dialami oleh konkrit biasa. 
Keputusan ujian eksperimen mendapati HyFRCC dengan nisbah campuran gabungan 
75% ST + 25% PP pada pecahan isipadu sebanyak 1.5% boleh diputuskan sebagai 
peratusan optimum. Peratusan optimum ini kemudiannya diaplikasikan pada rasuk konkrit 
bertetulang untuk mengkaji prestasi struktur dalam lenturan dan ricih. Kesimpulannya, 
rasuk HyFRCC adalah lebih tahan lasak dan lebih kuat berbanding dengan rasuk kawalan 
berdasarkan hubungan beban-lenturan. Corak retak rasuk HyFRCC menunjukkan lebar 
dan jarak retak berkurangan berbanding rasuk kawalan. Kesan daripada penggabungan 
gentian ST dan PP di dalam konkrit meningkatkan kekuatan tegangan, pengerasan terikan 
konkrit dan kekuatan lenturan. 
